AD-A271  367 


IMENTATION  PAGE 


form  Approved 
QM8  NO  0704  0188 


•.m  5  ••“  ^  Cv*E3*''  ':  /»  S*»'.  ^  4‘f  ;'■  :ni  i’^o  ><  '  i  .  f 

a  V.  *“•»  0‘*  *  ;•  ‘.*3’‘4 •;#»— ♦»f't  *ro  9ua  ;e’  ^ ^■fC- ."  r-  ^ iC  !-  T '  •*•  .♦v*  '>9^  f'  C  -'0^0 


REPORT  DATE 

June  15  '93 


I  4  TITLE  AND  SUBTITLE 


3  REPORT  TYPE  AND  DATES  COVERED 

FINAL  BEPORT  ;V 

Is.  FUNP'NG  NUMBERS^ 


ARTIFICIAL  PHOSPHOESTERASE:  metal  activation 

by  strain 

6.  AUTHOR{S) 

Jik  Chin  . . . 


7.  PEREORMING  ORGANIZATION  NAME(S)  AND  ADDRESS 

Dept  of  chemistry  | 

McGill  University 
Montreal,  Canada  1 

H3A2K6  ' 


ELFCTF. 

0CT2n993 


9.  SPONSORING /MONITORING  AGENCY  NAME(S)  AND  ADORESS(ES) 
U.S.  Army  Research  Office 
P.  0.  Box  12211 

Research  Triangle  Park,  NC  27709-2211 


Xx^nCO  3  -^Q-Cr-T}  / 

0 

8.  PERFORMING  ORGANIZATION 
REPORT  NUMBER 


10.  SPONSORING  /  MONITORING 
AGENCY  REPORT  NUMBER 


11.  SUPPLEMENTARY  NOTES 

The  view,  opinions  and/or  findings  contained  in  this  report  are  those  of  the 
author(s)  and  should  not  be  construed  as  an  official  Department  of  the  Army 
position,  policy,  or  decision,  unless  so  designated  by  other  documentation. 


12a  DISTRIBUTION /AVAILABILITY  STATEMENT 


12b  DISTRIBUTION  CODE 


Approved  for  public  release;  distribution  unlimited. 


93-24881 


i  13.  ABSTRACT  (MaMimum  200  words) 


CM 


In  the  past  several  years,  we  have  been  developing  a  unified  mechanistic  approach  to 
designing  artificial  hydrolytic  metalloenzymes.  The  unified  mechanistic  approach  led  us  to 
develop  some  of  the  most  reactive  cis-diaqua  metal  complexes  for  hydrolyzing  not  only 
phosphate  esters  with  good  or  poor  leaving  groups  but  also  for  hydrolyzing  carboxyl 

esters,  amides,  and  nitriles. 


,  14.  SUBJECT  TERMS 


Hydrolysis,  Phosphates,  Metal 


15.  NUMBER  OF  PAGES 

4 

16.  PRICE  CODE 


17.  SECURITY  CLASSIFICATION  18.  SECURITY  CLASSIFICATION  19.  SECURITY  CLASSIFICATION  20.  LIMITATION  OF  ABSTRACT 
OF  REPORT  OF  THIS  PAGE  OF  ABSTRACT 

UNCLASSIFIED  UNCLASSIFIED  UNCLASSIFIED  UL 


NSN  7540.01-280-5500 


Standard  form  298  (Rev  2*89) 
t>v  4NM  Std  n9  '6 
'32 


Best 

Available 

Copy 


FINAL-REPORT 

Our  main  goal  is  to  develop  highly  efficient  artificial  hydrolytic  metalloenzymes  that 
cleave  phosphate  esters  (including  di  and  triesiers).  Some  phosphate  esters  are  reactive 
hydrolytically  because  they  have  good  leaving  groups  (eg  ATP,  Parathion,  DIPF,  Sarin, 
and  Soman)  while  other  phosphate  esters  are  stable  because  they  have  poor  leaving  groups 
(eg  DNA,  VX,  Tabun,  and  cyclic  AMP).  It  has  been  shown  that  catalysts  that  are  highly 
efficient  at  hydrolyzing  esters  with  good  leaving  groups  may  not  be  reactive  at  all  for 
hydrolyzing  esters  with  poor  leaving  groups.  ^  Hence  it  is  important  to  develop  a  unified 
mechanistic  approach  to  hydrolyzing  both  esters  with  good  and  poor  leaving  groups. 

In  the  past  several  years,  we  have  been  developing  a  unified  mechanistic  approach 
to  designing  artificial  hydrolytic  metalloenzymes.^  The  unified  mechanistic  approach  led  us 
to  develop  some  of  the  most  reactive  cts-diaqua  metal  complexes  for  hydrolyzing  not  only 
phosphate  esters  with  good  or  poor  leaving  groups^  but  also  for  hydrolyzing  carboxyl 
esters,'*  amides,^  and  nitriles  (Figure  I).^ 


Figurg  J 


C/i'-diaqua  metal  complex  catalyzed  hydrolysis  of  amides,  nitriles  and  phosphate 
diesters  involves  Joint  Lewis  acid  activation  and  intramolecular  metal -hydroxide  activation 
resulting  in  fonnation  of  key  four-membered  ring  intermediates  (Figure  1).  Our  most 
recent  findings  include  the  following:  (1)  the  strained  four-membered  ring  intermediates  in 
the  hydrolysis  of  esters, ^  amides,^  nitriles^  and  phosphate  esters^  have  been  isolated  and 
their  crystal  structures  determined  providing  strong  support  for  the  unified  catalytic 
mechanism.  (2)  Equilibrium  constants  for  coordination  of  amides,^  nitriles^^  and 
phosphate  esters^^>^  to  Co(III)  complexes  in  water  have  been  directly  measured. 
Interestingly,  the  substrates  bind  much  more  tightly  than  the  solvent  water  molecules  to  the 
metal  complexes  even  though  some  of  the  substrates  (eg.  nitriles)  are  up  to  ten  orders  of 
magnitude  less  basic  than  water.  (3)  Determination  of  the  equilibrium  constants  for 
complexation  of  substrates  (amides,  nitriles,  and  phosphate  esters)  to  Co(III)  complexes 
has  allowed  us  to  dissect  the  overall  rate-accelerations  for  the  hydrolyses  reactions  into 
those  due  to  Lewis  acid  activation  and  intramolecular  metal-hydroxide  activation  (Figure 
2). 

Figure  2 
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For  example,  Lewis  acid  activation  alone  gives  a  10^  fold  rate  acceleration  for  phosphate 
diester  hydrolysis  at  neutral  pH.  By  comparison,  joint  Lewis  acid  activation  and 
intramolecular  metal-hydroxide  activation  can  provide  a  10’°  fold  rate-acceleration  for  the 
same  reaction  at  pH  7  (Figure  2c). 

The  reactivity  of  cii-diaqua  metal  complexes  for  hydrolyzing  phosphate  diesters  is 
highly  sensitive  to  its  structure  in  a  predictable  way:  the  reactivity  increases  dramatically 
with  decrease  in  the  O-M-O  bond  angle  (where  M  represents  the  metal).  For  example,  the 
phosphate  diester  bond  in  1  is  hydrolyzed  over  300  times  more  rapidly  than  that  in  2.  The 
O-M-O  bond  angle  can  be  decreased  by  increasing  the  N-M-N  bond  angle  directly  opposite 
the  O-M-O  bond  angle.  The  N-M-N  bond  angle  in  1  is  larger  than  that  in  2  since  the  two 
nitrogens  in  1  are  connected  by  three  carbons  while  those  in  2  are  connected  by  two 
carbons.  It  is  interesting  to  note  that  such  subtle  changes  in  the  catalyst  structure  can 
result  in  enormous  changes  in  the  catalytic  activity.  The  effective  concentration^  of  the 
metal-hydroxide  in  1  is  over  300  times  greater  than  that  in  2. 


We  now  have  a  firm  foundation  upon  which  to  build  highly  efficient  catalysts  for 
hydrolyzing  amides,  nitriles  and  phosphate  esters.  A  distinct  advantage  of  taking  a  unified 
mechanistic  approach  to  designing  the  catalyst  is  that  what  is  learned  from  studying  the 
catalytic  hydrolysis  of  one  substrate  can  be  applied  to  the  catalytic  hydrolyses  of  other, 
substrates.  Indeed  our  catalysts  that  are  the  most  reactive  for  hydrating  nitriles^  are  also  the 
ones  that  are  highly  reactive  for  hydrolyzing  amides^a  and  phosphate  esters.^®  Reactivity 
trend  of  our  catalysts  for  nitrile  hydration  parallel  that  for  amide  and  phosphate  ester 
hydrolysis.  The  cis-diaqua  metal  complexes  have  served  us  well  for  hydrolyzing  amides, 
nitrile  and  phosphate  esters. 
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